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(54) FEEDING DEVICE

(57) The present invention includes two guide rails
(15, 16) arranged in parallel in a feeding direction, sliders
(17, 19, 21, 23) arranged on the guide rails (15, 16), a
movable carriage (3) mounted on the sliders (17, 19, 21,
23) and moved in the feeding direction, and a drive mech-
anism (11) moving the movable carriage (3). The present
invention further includes a scale arranged along the
feeding direction on the guide rails (15, 16), read heads

(18, 20, 22, 24) respectively arranged on the sliders (17,
19, 21, 23) and detecting a position in the feeding direc-
tion and a position in a direction orthogonal to the feeding
direction by reading information given to the scale, and
a motion error calculator (70) calculating a motion error
of the movable carriage (3) based on position information
in two directions detected by the read heads (18, 20, 22,
24).
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Description

Technical Field

[0001] 0001 The present invention relates to a feeding
device constituting a linear feed axis, and particularly re-
lates to a feeding device which is capable of measuring
its own motion error.

Background Art

[0002] 0002 For example, a machine tool is conven-
tionally known which is configured to relatively move a
spindle for holding a tool and a table for placing a work-
piece thereon in the directions of three orthogonal axes,
namely, an X-axis, a Y-axis, and a Z-axis. This machine
tool includes three feeding devices, namely, an X-axis
feeding device that constitutes a feed axis in the X-axis
direction, a Y-axis feeding device that constitutes a feed
axis in the Y-axis direction, and a Z-axis feeding device
that constitutes a feed axis in the Z-axis direction. The
machining accuracy in the thus-configured machine tool
depends on the motion accuracy of the feeding devices;
therefore, it is necessary to accurately measure motion
errors of the feeding devices to make an appropriate cor-
rection or the like so that the motion errors each fall within
an allowable range.
[0003] 0003 In recent years, a motion error (positioning
error) in a three-dimensional space in a machine tool has
been considered to occur with errors in translational mo-
tions in the feed axes, angular errors in the feed axes,
and errors regarding the perpendicularity between the
feed axes interacting with one another as illustrated in
FIG. 5. Therefore, obtaining these errors enables the mo-
tion error to be accurately identified.
[0004] 0004 To measure these errors, a measurement
method using a measurement apparatus as illustrated in
FIGS. 6 and 7 has been proposed. An example machine
tool 100 illustrated in FIG. 6 is constituted by a bed 101
having a workpiece placement surface (i.e., a table) on
the top thereof, a portal frame 102, and a saddle 103.
The frame 102 is arranged such that the horizontal por-
tion thereof is positioned above the bed 101. The two
vertical portions of the frame 102 are engaged with the
sides of the bed 101 such that the frame 102 as a whole
is movable in the Y-axis direction.
[0005] 0005 The saddle 103 is engaged with the hor-
izontal portion of the frame 102 to be movable in the X-
axis direction along the horizontal portion of the frame
102. The saddle 103 holds a spindle 104 such that the
spindle 104 is movable in the Z-axis direction and rotat-
able about an axis parallel to the Z-axis. The X-axis, the
Y-axis, and the Z-axis are mutually orthogonal reference
axes, and feed axes corresponding to these reference
axes are respectively constituted by an X-axis feeding
device (not illustrated), a Y-axis feeding device (not illus-
trated), and a Z-axis feeding device (not illustrated).
[0006] 0006 The above-mentioned errors are meas-

ured using laser length measurement devices 105 in-
stalled on the bed 101 as well as a mirror 110 attached
to the spindle 104. Specifically, first, the laser length
measurement devices 105 are respectively installed at
predetermined positions, for example, at the four posi-
tions indicated by the solid lines in FIG. 6, and the mirror
110 is attached to the spindle 104. Subsequently, posi-
tioning in each of the X-axis feeding device, Y-axis feed-
ing device, and Z-axis feeding device is controlled at reg-
ular intervals so that the mirror 110 is positioned at each
grid point of a regular grid dividing a three-dimensional
space. At each grid point, each laser length measure-
ment device 105 radiates a laser beam toward the mirror
110 and receives a reflected light of the laser beam,
thereby measuring the distance to the mirror 110.
[0007] 0007 Based on the measurement data obtained
in the above-described manner, the position of the mirror
110 at each grid point in the three-dimensional space is
calculated in accordance with the principle of triangula-
tion. Based on the calculated position data and analysis
of the position data, the above-mentioned errors are cal-
culated.
[0008] 0008 Note that the laser length measurement
devices 105 are each configured to be able to turn a laser
interferometer 107 about the center of a reference sphere
106 as illustrated in FIG. 7 and configured to be able to
automatically track the mirror 110 by turning the laser
interferometer 107 in accordance with movement of the
mirror 110.
[0009] 0009 However, the thus-configured laser length
measurement device 105 is very expensive; therefore, it
is impractical to use four laser length measurement de-
vices 105 in the above-described measurement. Accord-
ingly, conventionally, the measurement is carried out us-
ing a single laser length measurement device 105 as
follows: the single laser length measurement device 105
is sequentially moved to and installed on four positions
and, at each of the positions, the mirror 110 is positioned
at each grid point of the grid and the distance between
the laser length measurement device 105 and the mirror
110 at each grid point is measured.
[0010] 0010 This motion error measurement using a
single laser length measurement device 105 reduces the
costs associated with the laser length measurement de-
vice 105. However, this measurement requires long time
and is complicated and burdensome because the oper-
ation of positioning the mirror 110 at each grid point has
to be carried out each time the laser length measurement
device 105 is installed on a different position. By simple
arithmetic, the time needed for the measurement using
a single laser length measurement device 105 is four
times longer than the time needed for the measurement
using four laser length measurement devices 105.
[0011] 0011 In view of these circumstances, in Patent
Literature 1 listed below, the applicant has proposed a
motion error identification method that is capable of iden-
tifying a motion error by carrying out a single operation
using a single laser length measurement device.
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EP 4 249 168 A1

3

5

10

15

20

25

30

35

40

45

50

55

Citation List

Patent Literature

[0012] 0012 Patent Literature 1: Japanese Unexam-
ined Patent Application Publication No. 2019-206043

Summary of Invention

Technical Problem

[0013] 0013 In the field of machine tools, in recent
years, the feeding device as described above uses a
high-accuracy scale, such as a magnetic scale or an op-
tical scale, so that the feeding device can be controlled
with high accuracy.
[0014] 0014 Therefore, if the motion error of the feed-
ing device can be measured using the scale already ex-
isting in the feeding device without additionally preparing
an expensive measurement device like the above-de-
scribed laser length measurement device 105, the motion
error of the feeding device will be measured with high
accuracy without extra costs and without requiring a com-
plicated and burdensome preparing operation for the
measurement, which is beneficial.
[0015] 0015 Further, even in the case where it is im-
possible to detect all of the above-mentioned errors in
the machine tool, i.e., the errors in translational motions
in the feed axes, the angular errors in the feed axes, and
the errors regarding the perpendicularity between the
feed axes, if a bare minimum of motion errors are easily
detected, it is possible to evaluate the running perform-
ance of the machine tool, which changes with time, at an
appropriate time without greatly reducing the availability
of the machine tool. Consequently, it is possible to take
a necessary action, such as performing needed mainte-
nance on the machine tool, in advance in accordance
with the evaluation results obtained.
[0016] 0016 The present invention has been achieved
in view of the above-described circumstances, and an
object of the invention is to provide a feeding device which
is capable of efficiently measuring its own motion error
in a short time.

· Solution to Problem

[0017] 0017 To solve the above-described problem,
the present invention provides a feeding device including:

two guide rails arranged in parallel along a predeter-
mined feeding direction;
at least four sliders arranged at least two by two on
the two guide rails and engaged with the guide rails
to be movable along the feeding direction;
a movable carriage mounted on the sliders and con-
figured to be moved in the feeding direction; and
a drive mechanism configured to move the movable
carriage in the feeding direction, wherein:

the feeding device includes:

a scale arranged along the feeding direction on
at least one of the guide rails;
read heads respectively arranged on at least two
sliders selected from the at least four sliders and
engaged with the guide rail having the scale ar-
ranged thereon, the read heads being config-
ured to detect a position in the feeding direction
and a position in a direction orthogonal to the
feeding direction by reading information given
to the scale; and
a motion error calculator configured to calculate
a motion error of the movable carriage based on
position information in two directions detected
by the read heads.

[0018] 0018 In the feeding device according to this as-
pect (first aspect), the movable carriage is moved in the
feeding direction through the engagement between the
guide rails and the sliders by being driven by the drive
mechanism. When the movable carriage has been
moved by a predetermined distance, the motion error
calculator calculates a motion error of the movable car-
riage based on position information in two directions de-
tected by the read heads arranged on the at least two
sliders.
[0019] 0019 Thus, with this feeding device, the motion
error of the feeding device is measured using the scale
already existing in the feeding device instead of using an
expensive measurement device like the above-de-
scribed laser length measurement device; therefore, the
motion error of the feeding device is measured with high
accuracy without extra costs and without requiring a com-
plicated and burdensome preparing operation for the
measurement.
[0020] 0020 Further, since the motion performance of
the feeding device is easily detected, it is possible to eval-
uate the running performance of a machine tool, which
changes with time, at an appropriate time without greatly
reducing the availability of the machine tool. Consequent-
ly, it is possible to take a necessary action, such as per-
forming needed maintenance on the machine tool, in ad-
vance in accordance with the evaluation results obtained.
[0021] 0021 In the feeding device according to the first
aspect, appropriately determining the guide rail on which
the scale is to be arranged and the sliders on which the
read heads are to be arranged enables the motion error
calculator to derive various motion errors of the feeding
device in addition to a straight-line positioning error in
the feeding direction.
[0022] 0022 For example, the feeding device accord-
ing to the first aspect may be configured according to the
following aspect (second aspect):

the scale is arranged on each of the two guide rails
and the read heads are respectively arranged on the
four sliders; and

3 4 
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the motion error calculator is configured to calculate
a motion error of the movable carriage based on po-
sition information in two directions detected by the
four read heads.

[0023] 0023 Further, the feeding device according to
this second aspect may be configured according to the
following aspect (third aspect):

two read heads arranged on at least one of the guide
rails are configured to detect a position in a direction
of a first axis as the feeding direction and a position
in a direction of a second axis orthogonal to the first
axis in a plane including the two guide rails; and
two read heads arranged on another one of the guide
rails are configured to detect a position in the direc-
tion of the first axis and a position in a direction of a
third axis orthogonal to both the first axis and the
second axis.

[0024] 0024 Alternatively, the feeding device accord-
ing to the second aspect may be configured according
to the following aspect (fourth aspect):

one of two read heads arranged on at least one of
the guide rails is configured to detect a position in a
direction of a first axis as the feeding direction and
a position in a direction of a second axis orthogonal
to the first axis in a plane including the two guide rails;
another one of the two read heads is configured to
detect a position in the direction of the first axis and
a position in a direction of a third axis orthogonal to
both the first axis and the second axis; and
two read heads arranged on another one of the guide
rails are configured to detect a position in the direc-
tion of the first axis and a position in the direction of
the third axis.

[0025] 0025 Further, the feeding devices according to
the third aspect and the fourth aspect may be configured
according to the following aspect (fifth aspect):
the motion error calculator is configured to calculate a
positioning error (straight-line positioning accuracy) in
the direction of the first axis and at least one selected
from among a straightness error (straightness) in the di-
rection of the second axis in a plane defined by the first
axis and the second axis, a straightness error (straight-
ness) in the direction of the third axis in a plane defined
by the first axis and the third axis, an angular error (roll)
around the first axis, an angular error (pitch) around the
second axis, and an angular error (yaw) around the third
axis.
[0026] 0026 The present invention further provides a
machine tool including any one of the feeding devices
according to the first aspect to the fifth aspect.

Advantageous Effects of Invention

[0027] 0027 With the feeding device according to the
present invention, the motion error of the feeding device
is measured using the scale already existing in the feed-
ing device instead of using an expensive measurement
device like the above-described laser length measure-
ment device; therefore, the motion error of the feeding
device is measured with high accuracy without extra
costs and without requiring a complicated and burden-
some preparing operation for the measurement.
[0028] 0028 Further, since the motion performance of
the feeding device is easily detected, it is possible to eval-
uate the running performance of a machine tool, which
changes with time, at an appropriate time without greatly
reducing the availability of the machine tool. Consequent-
ly, it is possible to take a necessary action, such as per-
forming needed maintenance on the machine tool, in ad-
vance in accordance with the evaluation results obtained.

Brief Description of Drawings

[0029] 0029

FIG. 1 is a perspective view illustrating a machine
tool according to an embodiment of the present in-
vention;
FIG. 2 is an illustrative diagram schematically illus-
trating a configuration of a feeding device according
to the embodiment;
FIG. 3 is a sectional view taken along line A-A in FIG.
2 showing a guide rail, a slider, and scales in the
embodiment;
FIG. 4 is a sectional view taken along line B-B in FIG.
2 showing a guide rail, a slider, and scales in the
embodiment;
FIG. 5 is an illustrative diagram for explaining a mo-
tion error in a machine tool having feeding devices
in three orthogonal axis directions;
FIG. 6 is an illustrative diagram for explaining the
conventional motion error measurement methods;
and
FIG. 7 is an illustrative diagram for explaining the
conventional motion error measurement methods.

Description of Embodiments

[0030] 0030 Hereinafter, a specific embodiment of the
present invention will be described with reference to the
drawings.
[0031] 0031 First of all, a schematic configuration of a
machine tool 1 according to this embodiment is de-
scribed. As illustrated in FIG. 1, the machine tool 1 ac-
cording to this embodiment includes a bed 2 having a T-
shape in plan view, a column 3 arranged on one portion
of the bed 2, a table 6 arranged on the other portion of
the bed 2, a saddle 4 arranged on a side surface (front
surface) located on the table 6 side of the column 3, a
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spindle 5 rotatably supported by the saddle 4, a spindle
motor (not illustrated) rotating the spindle 5, an X-axis
feed unit 10 moving the column 3 along an X-axis that is
indicated by an arrow, a Y-axis feed unit 30 moving the
saddle 4 along a Y-axis that is indicated by an arrow, and
a Z-axis feed unit 50 moving the table 6 along a Z-axis
that is indicated by an arrow. Note that the X-axis, the Y-
axis, and the Z-axis are mutually orthogonal reference
axes.
[0032] 0032 Further, as illustrated in FIG. 2, the ma-
chine tool 1 includes a motion error calculator 70, an out-
put unit 71, and a controller 75 as well as the above-
described elements. In this embodiment, the X-axis feed
unit 10, the Y-axis feed unit 30, the Z-axis feed unit 50,
the column 3, the saddle 4, the table 6, the motion error
calculator 70, and the output unit 71 constitute one feed-
ing device. These elements are described in detail below.
[0033] 0033 First, the X-axis feed unit 10, the Y-axis
feed unit 30, and the Z-axis feed unit 50 as motion mech-
anism units are described. Note that FIGS. 2 and 3 illus-
trate the X-axis feed unit 10 as a representative one of
the feed units. The Y-axis feed unit 30 and the Z-axis
feed unit 50 each have the same configuration as the X-
axis feed unit 10 and the same components of them are
denoted by reference numerals in parentheses in FIGS.
2 and 3.
[0034] 0034

[X-axis feed unit]

[0035] The X-axis feed unit 10 includes a pair of guide
rails 15 and 16 arranged in parallel along the X-axis on
the bed 2, two sliders 17 and 19 engaged with the guide
rail 15 to be movable along the guide rail 15, a scale 15a
fixed to a top surface of the guide rail 15 along the guide
rail 15, a scale 15b fixed to a side surface of the guide
rail 15 along the guide rail 15, read heads 18 and 20
respectively fixed to the sliders 17 and 19, two sliders 21
and 23 engaged with the guide rail 16 to be movable
along the guide rail 16, a scale 16a fixed to a top surface
of the guide rail 16 along the guide rail 16, a scale 16b
fixed to a side surface of the guide rail 16 along the guide
rail 16, read heads 22 and 24 respectively fixed to the
sliders 21 and 23, and an X-axis drive mechanism 11
driving the column 3.
[0036] 0035 The scales 15a and 15b and the read
heads 18 and 20 constitute a set of linear encoders, and
the scales 16a and 16b and the read heads 22 and 24
constitute another set of linear encoders. These linear
encoders can be composed of magnetic linear encoders
or optical linear encoders. The linear encoders in this
embodiment are composed of magnetic linear encoders.
The read heads 18 and 20 detect positions in the X-axis
direction of the sliders 17 and 19 and displacement in
the Y-axis direction and the Z-axis direction of the sliders
17 and 19 by reading the scales 15a and 15b. The read
heads 22 and 24 detect positions in the X-axis direction
of the sliders 21 and 23 and displacement in the Y-axis

direction and the Z-axis direction of the sliders 21 and 23
by reading the scales 16a and 16b.
[0037] 0036 The X-axis drive mechanism 11 includes
an X-axis feed motor 12 composed of a servo motor, a
ball screw 13 to be driven by the X-axis feed motor 12,
a ball nut (not illustrated) screwed on the ball screw 13
and fixed to a bottom surface of the column 3, and bear-
ings 14 (one of which is not shown in the drawings) sup-
porting the ends of the ball screw 13 such that the ball
screw 13 is rotatable. The X-axis feed mechanism 11
drives the X-axis feed motor 12 to rotate the ball screw
13, whereby the column 3 is moved along the X-axis while
being guided by the guide rails 15 and 16.
[0038] 0037

[Y-axis feed unit]

[0039] The Y-axis feed unit 30 includes a pair of guide
rails 35 and 36 arranged in parallel along the Y-axis on
the front surface of the column 3, two sliders 37 and 39
engaged with the guide rail 35 to be movable along the
guide rail 35, a scale 35a fixed to a top surface of the
guide rail 35 along the guide rail 35, a scale 35b fixed to
a side surface of the guide rail 35 along the guide rail 35,
read heads 38 and 40 respectively fixed to the sliders 37
and 39, two sliders 41 and 43 engaged with the guide
rail 36 to be movable along the guide rail 36, a scale 36a
fixed to a top surface of the guide rail 36 along the guide
rail 36, a scale 36b fixed to a side surface of the guide
rail 36 along the guide rail 36, read heads 42 and 44
respectively fixed to the sliders 41 and 43, and a Y-axis
drive mechanism 31 driving the column 3.
[0040] 0038 The scales 35a and 35b and the read
heads 38 and 40 constitute a set of linear encoders, and
the scales 36a and 36b and the read heads 42 and 44
constitute another set of linear encoders. These linear
encoders also can be composed of magnetic linear en-
coders or optical linear encoders. The linear encoders in
this embodiment are composed of magnetic linear en-
coders. The read heads 38 and 40 detect positions in the
Y-axis direction of the sliders 37 and 39 and displacement
in the Z-axis direction and the X-axis direction of the slid-
ers 37 and 39 by reading the scales 35a and 35b. The
read heads 42 and 44 detect positions in the Y-axis di-
rection of the sliders 41 and 43 and displacement in the
Z-axis direction and the X-axis direction of the sliders 41
and 43 by reading the scales 36a and 36b.
[0041] 0039 The Y-axis drive mechanism 31 includes
a Y-axis feed motor 32 composed of a servo motor, a
ball screw 33 to be driven by the Y-axis feed motor 32,
a ball nut (not illustrated) screwed on the ball screw 33
and fixed to a rear surface of the saddle 4, and bearings
34 (one of which is not shown in the drawings) supporting
the ends of the ball screw 33 such that the ball screw 33
is rotatable. The Y-axis feed mechanism 31 drives the
Y-axis feed motor 32 to rotate the ball screw 33, whereby
the saddle 4 is moved along the Y-axis while being guided
by the guide rails 35 and 36.
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[0042] 0040

[Z-axis feed unit]

[0043] The Z-axis feed unit 50 includes a pair of guide
rails 55 and 56 arranged in parallel along the Z-axis on
the bed 2, two sliders 57 and 59 engaged with the guide
rail 55 to be movable along the guide rail 55, a scale 55a
fixed to a top surface of the guide rail 55 along the guide
rail 55, a scale 55b fixed to a side surface of the guide
rail 55 along the guide rail 55, read heads 58 and 60
respectively fixed to the sliders 57 and 59, two sliders 61
and 63 engaged with the guide rail 56 to be movable
along the guide rail 56, a scale 56a fixed to a top surface
of the guide rail 56 along the guide rail 56, a scale 56b
fixed to a side surface of the guide rail 56 along the guide
rail 56, read heads 62 and 64 respectively fixed to the
sliders 61 and 63, and a Z-axis drive mechanism 51 driv-
ing the table 6.
[0044] 0041 The scales 55a and 55b and the read
heads 58 and 60 constitute a set of linear encoders, and
the scales 56a and 56b and the read heads 62 and 64
constitute another set of linear encoders. These linear
encoders also can be composed of magnetic linear en-
coders or optical linear encoders. The linear encoders in
this embodiment are composed of magnetic linear en-
coders. The read heads 58 and 60 detect positions in the
Z-axis direction of the sliders 57 and 59 and displacement
in the Y-axis direction and the X-axis direction of the slid-
ers 57 and 59 by reading the scales 55a and 55b. The
read heads 62 and 64 detect positions in the Z-axis di-
rection of the sliders 61 and 63 and displacement in the
Y-axis direction and the X-axis direction of the sliders 61
and 63 by reading the scales 56a and 56b.
[0045] 0042 The Z-axis drive mechanism 51 includes
a Z-axis feed motor 52 composed of a servo motor, a ball
screw 53 to be driven by the Z-axis feed motor 52, a ball
nut (not illustrated) screwed on the ball screw 53 and
fixed to a bottom surface of the table 6, and bearings 54
(one of which is not shown in the drawings) supporting
the ends of the ball screw 53 such that the ball screw 53
is rotatable. The Z-axis feed mechanism 51 drives the Z-
axis feed motor 52 to rotate the ball screw 53, whereby
the table 6 is moved along the Z-axis while being guided
by the guide rails 55 and 56.
[0046] 0043 Next, the motion error calculator 70, the
output unit 71, and the controller 75 are described. Note
that the motion error calculator 70 and the controller 75
are composed of a computer including a CPU, a RAM,
and a ROM.
[0047] 0044

[Controller]

[0048] The controller 75 is of a well-known type that
numerically controls operations of the spindle motor (not
illustrated), X-axis feed motor 12, Y-axis feed motor 32,
Z-axis feed motor 52, and other elements. Further, the

controller 75 performs a control operation of driving the
X-axis feed motor 12, the Y-axis feed motor 32, and the
Z-axis feed motor 52 in accordance with a previously
prepared operation program for motion error measure-
ment to move and position the column 3, the saddle 4,
and the table 6 at predetermined intervals in their respec-
tive feed-axis directions.
[0049] 0045

[Motion error calculator]

[0050] When the operation of moving and positioning
the column 3, the saddle 4, and the table 6 at the prede-
termined intervals in their respective feed-axis directions
in accordance with the operation program for motion error
measurement is performed under control by the control-
ler 75, the motion error calculator 70 calculates motion
errors in the X-axis feed unit 10, the Y-axis feed unit 30,
and the Z-axis feed unit 50 in the manner described below
based on data detected by the read heads 18, 20, 22,
and 24 of the X-axis feed unit 10, data detected by the
read heads 38, 40, 42, and 44 of the Y-axis feed unit 30,
and data detected by the read heads 58, 60, 62, and 64
of the Z-axis feed unit 50.
[0051] 0046

[Motion errors in X-axis feed unit]

[0052] The motion error calculator 70 calculates mo-
tion errors in the X-axis feed unit 10, for example, in the
following manner:

·Error Exx as a straight-line positioning error in the
X-axis direction in the X-axis feed unit 10:
calculating, as the error Exx, a mean value of differ-
ences between movement command values in the
X-axis direction and movement values in the X-axis
direction detected by the read heads 18, 20, 22, and
24;
·Error EYX as a straightness error (in the Y-axis di-
rection) in an X-axis and Y-axis plane in the X-axis
feed unit 10:
calculating, as the error EYX, any one of displace-
ment amounts in the Y-axis direction detected by the
read heads 18, 20, 22, and 24 or a mean value of
the displacement amounts;
·Error Ezx as a straightness error (in the Z-axis di-
rection) in an X-axis and Z-axis plane in the X-axis
feed unit 10:
calculating, as the error Ezx, any one of displace-
ment amounts in the Z-axis direction detected by the
read heads 18, 20, 22, and 24 or a mean value of
the displacement amounts;
·Error EAX as an angular error around the X-axis in
the X-axis feed unit 10:
calculating, as the error EAX, a difference value be-
tween displacements in the Y-axis direction detected
by the read heads 18 and 22 or the read heads 20

9 10 
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and 24;
·Error EBX as an angular error around the Y-axis in
the X-axis feed unit 10:
calculating, as the error EBX, a difference value be-
tween positions in the X-axis direction detected by
the read heads 18 and 22 or the read heads 20 and
24 or a difference value between displacements in
the Z-axis direction detected by the read heads 18
and 20 or the read heads 22 and 24; and
·Error Ecx as an angular error around the Z-axis in
the X-axis feed unit 10:
calculating, as the error Ecx, a difference value be-
tween displacements in the Y-axis direction detected
by the read heads 18 and 20 or the read heads 22
and 24.

[0053] 0047

[Motion errors in Y-axis feed unit]

[0054] The motion error calculator 70 calculates mo-
tion errors in the Y-axis feed unit 30, for example, in the
following manner:

·Error EYY as a straight-line positioning error in the
Y-axis direction in the Y-axis feed unit 30:
calculating, as the error EYY, a mean value of differ-
ences between movement command values in the
Y-axis direction and movement values in the Y-axis
direction detected by the read heads 38, 40, 42, and
44;
·Error EXY as a straightness error (in the X-axis di-
rection) in a Y-axis and X-axis plane in the Y-axis
feed unit 30:
calculating, as the error EXY, any one of displace-
ment amounts in the X-axis direction detected by the
read heads 38, 40, 42, and 44 or a mean value of
the displacement amounts;
·Error EZY as a straightness error (in the Z-axis di-
rection) in a Y-axis and Z-axis plane in the Y-axis
feed unit 30:
calculating, as the error EZY, any one of displace-
ment amounts in the Z-axis direction detected by the
read heads 38, 40, 42, and 44 or a mean value of
the displacement amounts;
·Error EAY as an angular error around the X-axis in
the Y-axis feed unit 30:
calculating, as the error EAY, a difference value be-
tween displacements in the Z-axis direction detected
by the read heads 38 and 40 or the read heads 42
and 44;
·Error EBY as an angular error around the Y-axis in
the Y-axis feed unit 30:
calculating, as the error EBY, a difference value be-
tween displacements in the Z-axis direction detected
by the read heads 38 and 42 or the read heads 40
and 44; and
·Error ECY as an angular error around the Z-axis in

the Y-axis feed unit 30:
calculating, as the error ECY, a difference value be-
tween positions in the Y-axis direction detected by
the read heads 38 and 42 or the read heads 40 and
44 or a difference value between displacements in
the X-axis direction detected by the read heads 38
and 40 or the read heads 42 and 44.

[0055] 0048

[Motion errors in Z-axis feed unit]

[0056] The motion error calculator 70 calculates mo-
tion errors in the Z-axis feed unit 50, for example, in the
following manner:

·Error Ezz as a straight-line positioning error in the
Z-axis direction in the Z-axis feed unit 50:
calculating, as the error Ezz, a mean value of differ-
ences between movement command values in the
Z-axis direction and movement values in the Z-axis
direction detected by the read heads 58, 60, 62, and
64;
·Error Exz as a straightness error (in the X-axis di-
rection) in a Z-axis and X-axis plane in the Z-axis
feed unit 50:
calculating, as the error Exz, any one of displace-
ment amounts in the X-axis direction detected by the
read heads 58, 60, 62, and 64 or a mean value of
the displacement amounts;
·Error EYZ as a straightness error (in the Y-axis di-
rection) in a Z-axis and Y-axis plane in the Z-axis
feed unit 50:
calculating, as the error EYZ, any one of displace-
ment amounts in the Y-axis direction detected by the
read heads 58, 60, 62, and 64 or a mean value of
the displacement amounts;
·Error EAZ as an angular error around the X-axis in
the Z-axis feed unit 50:
calculating, as the error EAZ, a difference value be-
tween displacements in the Y-axis direction detected
by the read heads 58 and 60 or the read heads 62
and 64;
·Error EBZ as an angular error around the Y-axis in
the Z-axis feed unit 50:
calculating, as the error EBZ, a difference value be-
tween positions in the Z-axis direction detected by
the read heads 58 and 62 or the read heads 60 and
64 or a difference value between displacements in
the X-axis direction detected by the read heads 58
and 60 or the read heads 62 and 64; and
·Error Ecz as an angular error around the Z-axis in
the Z-axis feed unit 50:
calculating, as the error Ecz, a difference value be-
tween displacements in the Y-axis direction detected
by the read heads 58 and 62 or the read heads 60
and 64.
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[0057] 0049

[Output unit]

[0058] The output unit 71 is composed of, for example,
a display device such as a touch panel. The output unit
71 displays the motion errors in the X-axis feed unit 10,
the Y-axis feed unit 30, and the Z-axis feed unit 50 cal-
culated by the motion error calculator 70.
[0059] 0050 In the machine tool 1 according to this
embodiment having the above-described configuration,
the X-axis drive mechanism 11, the Y-axis drive mech-
anism 31, the Z-axis drive mechanism 51, and the spindle
motor (not illustrated) are appropriately driven under con-
trol by the controller 75 so that the spindle 5 and the table
6 are appropriately moved relative to each other in the
three-dimensional space. Through the relative move-
ment, a workpiece placed on the table 6 is machined by
a tool attached to the spindle 5.
[0060] 0051 Further, the previously prepared opera-
tion program for motion error measurement is executed
under control by the controller 75 as necessary, so that
the column 3, the saddle 4, and the table 6 are positioned
at predetermined intervals in their respective feed-axis
directions by the X-axis feed motor 12, the Y-axis feed
motor 32, and the Z-axis feed motor 52.
[0061] 0052 In this process, the motion error calculator
70 calculates the above-described motion errors in the
X-axis feed unit 10, the Y-axis feed unit 30, and the Z-
axis feed unit 50 based on data detected by the read
heads 18, 20, 22, and 24 of the X-axis feed unit 10, data
detected by the read heads 38, 40, 42, and 44 of the Y-
axis feed unit 30, and data detected by the read heads
58, 60, 62, and 64 of the Z-axis feed unit 50. The calcu-
lated motion errors are displayed on the output unit 71.
[0062] 0053 Thus, differently from the above-de-
scribed conventional measurement, the machine tool 1
according to this embodiment measures the motion er-
rors in the X-axis feed unit 10, the Y-axis feed unit 30,
and the Z-axis feed unit 50 using the scales 15a, 15b,
16a, and 16b and read heads 18, 20, 22, and 24 already
existing in the X-axis feed unit 10, the scales 35a, 35b,
36a, and 36b and read heads 38, 40, 42, and 44 already
existing in the Y-axis feed unit 30, and the scales 55a,
55b, 56a, and 56b and read heads 58, 60, 62, and 64
already existing in the Z-axis feed unit 50 instead of using
a laser length measurement device that is expensive.
Therefore, the machine tool 1 achieves highly accurate
measurement of the motion errors of the X-axis feed unit
10, Y-axis feed unit 30, and Z-axis feed unit 50 without
extra costs and without requiring a complicated and bur-
densome preparing operation for the measurement.
[0063] 0054 Further, since the motion errors (i.e., mo-
tion performances) of the X-axis feed unit 10, Y-axis feed
unit 30, and Z-axis feed unit 50 are easily detected, it is
possible to evaluate the running performance of the ma-
chine tool 1, which changes with time, at an appropriate
time without greatly reducing the availability of the ma-

chine tool 1. Consequently, it is possible to take a nec-
essary action, such as performing needed maintenance
on the machine tool 1, in advance in accordance with the
evaluation results obtained.
[0064] 0055 Above has been described an embodi-
ment of the present invention. However, the present in-
vention is not limited to the above-described embodiment
and can be implemented in other manners.
[0065] 0056 For example, the machine tool 1 in the
above-described embodiment is a horizontal machining
center; however, the present invention is not limited to a
horizontal machining center. The present invention can
be applied to any known machine tool, such as a vertical
machining center, a horizontal lathe, or a vertical lathe.
[0066] 0057 Further, because of the configuration of
the machine tool 1, the motion error calculator 70 in the
above-described embodiment is configured to calculate
the motion errors of three feed units, namely, the X-axis
feed unit 10, the Y-axis feed unit 30, and the Z-axis feed
unit 50; however, as a matter of course, the present in-
vention is not limited to such a configuration. In the case
where the machine tool includes a single feed unit, the
motion error calculator 70 can be configured to calculate
the motion error of the single feed unit. In the case where
the machine tool includes two feed units or four or more
feed units, the motion error calculator 70 can be config-
ured to calculate the motion errors of these feed units.
[0067] 0058 Further, the read heads 18, 20, 22, and
24 in the X-axis feed unit 10 in the above-described em-
bodiment are configured to each detect a position in the
X-axis direction and displacement in the Y-axis direction
and Z-axis direction; however, the present invention is
not limited to this configuration.
[0068] 0059 For example, a configuration is possible
in which: one of the two read heads arranged on at least
one of the guide rails is configured to detect a position in
the direction of a first axis as a feeding direction and a
position in the direction of a second axis orthogonal to
the first axis in a plane including the two guide rails; the
other one of the two read heads is configured to detect
a position in the direction of the first axis and a position
in the direction of a third axis orthogonal to both the first
axis and the second axis; and the two read heads ar-
ranged on the other one of the two guide rails are each
configured to detect a position in the direction of the first
axis and a position in the direction of the third axis. This
configuration also enables calculation of the above-de-
scribed six motion errors.
[0069] 0060 Further, a configuration is also possible in
which: one of the two read heads arranged on at least
one of the guide rails is configured to detect a position in
the direction of a first axis as a feeding direction and a
position in the direction of a second axis orthogonal to
the first axis in a plane including the two guide rails; the
other one of the two read heads is configured to detect
a position in the direction of the first axis and a position
in the direction of a third axis orthogonal to both the first
axis and the second axis; and the two read heads ar-

13 14 



EP 4 249 168 A1

9

5

10

15

20

25

30

35

40

45

50

55

ranged on the other one of the two guide rails are each
configured to detect a position in the direction of the first
axis and a position in the direction of the third axis. This
configuration also enables calculation of the above-de-
scribed six motion errors.
[0070] 0061 Further, the motion error calculator 70 in
the above-described embodiment is configured to calcu-
late the six motion errors in each feed unit; however, the
present invention is not limited to such a configuration.
For example, the motion error calculator 70 may be con-
figured to calculate a positioning error (straight-line po-
sitioning accuracy) in the first-axis direction and at least
one selected from among a straightness error (straight-
ness) in the second-axis direction in a plane defined by
the first axis and the second axis, a straightness error
(straightness) in the third-axis direction in a plane defined
by the first axis and the third axis, an angular error (roll)
around the first axis, an angular error (pitch) around the
second axis, and an angular error (yaw) around the third
axis.
[0071] 0062 Furthermore, in such a case, it is not al-
ways necessary to provide each of the guide rails with
scales for detecting positions in two axis directions. In
such case, a configuration is possible in which each or
either one of the guide rails is provided with only a scale
necessary for the calculation of the errors. Accordingly,
the sliders only need to be provided with a read head
necessary for the calculation of the errors.
[0072] 0063 Further, the guide rails in the above-de-
scribed embodiment are each provided with two sliders;
however, the present invention is not limited to this con-
figuration. The guide rails may be each provided with
three or more sliders.
[0073] 0064 As already mentioned above, the forego-
ing description of the embodiments is not limitative but
illustrative in all aspects. One skilled in the art would be
able to make variations and modifications as appropriate.
The scope of the invention is not defined by the above-
described embodiments, but is defined by the appended
claims. Further, the scope of the invention encompasses
all modifications made from the embodiments within a
scope equivalent to the scope of the claims.

Reference Signs List

[0074] 0065

1 Machine tool
2 Bed
3 Column
4 Saddle
6 Table
10 X-axis feed unit
11 X-axis drive mechanism
15, 16 Guide rail
17, 19, 21, 23 Slider
18, 20, 22, 24 Read head
30 Y-axis feed unit

31 Y-axis drive mechanism
35, 36 Guide rail
37, 39, 41, 43 Slider
38, 40, 42, 44 Read head
50 Z-axis feed unit
51 Z-axis drive mechanism
55, 56 Guide rail
57,59,61,63 Slider
58, 60, 62, 64 Read head
70 Motion error calculator
71 Output unit
75 Controller

Claims

1. A feeding device comprising:

two guide rails arranged in parallel along a pre-
determined feeding direction;
at least four sliders arranged at least two by two
on the two guide rails and engaged with the
guide rails to be movable along the feeding di-
rection;
a movable carriage mounted on the sliders and
configured to be moved in the feeding direction;
and
a drive mechanism configured to move the mov-
able carriage in the feeding direction, charac-
terized in that:
the feeding device includes:

a scale arranged along the feeding direction
on at least one of the guide rails;
read heads respectively arranged on at
least two sliders selected from the at least
four sliders and engaged with the guide rail
having the scale arranged thereon, the read
heads being configured to detect a position
in the feeding direction and a position in a
direction orthogonal to the feeding direction
by reading information given to the scale;
and
a motion error calculator configured to cal-
culate a motion error of the movable car-
riage based on position information in two
directions detected by the read heads.

2. The feeding device according to claim 1, character-
ized in that:

the scale is arranged on each of the two guide
rails and the read heads are respectively ar-
ranged on the four sliders; and
the motion error calculator is configured to cal-
culate a motion error of the movable carriage
based on position information in two directions
detected by the four read heads.
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3. The feeding device according to claim 2, character-
ized in that:

two read heads arranged on at least one of the
guide rails are configured to detect a position in
a direction of a first axis as the feeding direction
and a position in a direction of a second axis
orthogonal to the first axis in a plane including
the two guide rails; and
two read heads arranged on another one of the
guide rails are configured to detect a position in
the direction of the first axis and a position in a
direction of a third axis orthogonal to both the
first axis and the second axis.

4. The feeding device according to claim 2, character-
ized in that:

one of two read heads arranged on at least one
of the guide rails is configured to detect a posi-
tion in a direction of a first axis as the feeding
direction and a position in a direction of a second
axis orthogonal to the first axis in a plane includ-
ing the two guide rails;
another one of the two read heads is configured
to detect a position in the direction of the first
axis and a position in a direction of a third axis
orthogonal to both the first axis and the second
axis; and
two read heads arranged on another one of the
guide rails are configured to detect a position in
the direction of the first axis and a position in the
direction of the third axis.

5. The feeding device according to claim 3 or 4, char-
acterized in that the motion error calculator is con-
figured to calculate a positioning error in the direction
of the first axis and at least one selected from among
a straightness error in the direction of the second
axis in a plane defined by the first axis and the second
axis, a straightness error in the direction of the third
axis in a plane defined by the first axis and the third
axis, an angular error around the first axis, an angular
error around the second axis, and an angular error
around the third axis.

6. A machine tool including the feeding device accord-
ing to any one of claims 1 to 5.
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